Abstract This paper describes the development of the TrackSim, which is a discrete event simulation tool for photolithography equipment of semiconductor industry. The TrackSim is focused on the accurate simulation model of the photolithography equipment and easy-to-use user interfaces. TrackSim provides 3D simulation environment for evaluating, validating, and scheduling the photolithography process. One of the major characteristics of TrackSim is in that it is developed based on Applied Materials' AutoMod, a discrete event simulation software broadly used in semiconductor industry. Accordingly, the photolithography model of TrackSim can be used to perform simulation connected with other simulation models built with AutoMod. 
Introduction
The purpose of this paper is to develop a discrete event simulation tool for photo-lithography equipment of semiconductor industry, named as TrackSim. A photolithography equipment consists of a cassette indexer, a track system and an exposure tool (or also called as a stepper).
A track system is composed of 2-4 cells, each of which consists of a several process modules and a transfer module in each cell, and there is a buffer between cells.
Recently, transfer robots are used for the transfer modules to increase the flexibility and efficiency in the track system [2] . The transfer robot moves a wafer from process module to process module in a cell, and from cell to cell. There is a cassette indexer at one end of the track system and the opposite end is linked to an exposure tool. 3320 utilization of the exposure tool, and so forth. Among them, the throughput is one of the best well known performance measures of the track system [3, 6] , and Akcalt et al. [1] insist that reduction of the cycle time in photolithography process reduce overall fab cycle time.
However, it is very difficult to analyze the performance indices of photolithography equipment through mathematical approaches because of its complex process flow and near-infinite tool configuration possibilities. The simulation-based approach is promising method to predict and evaluate the performances of the photolithography equipment [4, 5, 9] . The main objectives of the TrackSim are as follows: first, the TrackSim can test and evaluate various attributes such as, product mix, process route, tool configuration, and scheduling rules. These attributes may be evaluated through simulation experiments with various combinations of them, then the best combination of the attributes can be determined. Second, the TrackSim is capable of validating if tool configuration is structurally efficient and selected scheduling rule is logically working. As mentioned before, dozens of process modules are classified and then located in each cell. The utilization of the transfer robots depends on the location of process modules in the track system. Accordingly, it is highly desired to locate process modules so that the tool configuration minimizes the frequencies of transferring a wafer from cell to cell. The processes of the wafers may not be completed due to deadlock that is an inherent problem in many resource allocation systems such as the track system. User can validate a tool configuration and a deadlock-free scheduling rule using the TrackSim. 
Simulation Model
The photolithography process is a process of creating a pattern on a wafer, and is the most critical process in semiconductor fabrication. It has basic steps of coating, baking, cooling, exposing, and developing [11] . After photoresist is applied on a wafer in a spin coater, photoresist solvents are evaporated in the soft-baking step.
An exposure tool transfers the pattern on the reticle or mask into the photoresist on the wafer by exposing light, which changes the structure and properties of photoresist on the wafer. The development step is to remove unpolymerized photoresist, and then photoresist solvents are additionally removed in the hard-baking step. 
Architecture of TrackSim
The TrackSim consists of a user interface, a simulation evaluator, and a scheduler. 
User Interface of TrackSim
The TrackSim provides graphical and easy-to-use user interfaces to set up simulation environment and parameters. The TrackSim has three user interface panels, i.e., the layout design panel, the operation data input panel, and the simulation option panel. Figure 4 shows the layout design panel, where a user can locate each process module in the track system.
There are three cells in the track system, the left end of which is linked to the exposure tool. Each cell of the track system contains one transfer robot, and an additional transfer robot is located between the track system and the exposure tool. There are forty eight spaces to locate process modules in the track system and one space for the exposure tool. User can locate a process module into any one among these forty eight spaces. Some spaces may be set as empty ones if the total number of the process modules is less than forty eight. However, the user can not change the number of the cells and the transfer robots in this version of the TrackSim, which will be improved in the future work.
[ Fig. 4 ] Layout design panel. for each operation. The operation data is saved as an ASCII file to be used for the next simulation.
[ Fig. 5 ] Operation data input panel.
[ Fig. 6 ] Simulation option panel. 
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The detail procedure of deadlock management algorithm can be found in [9] .
Simulation Evaluator
The simulation evaluator of the TrackSim consists of the 3D model of the photolithography equipment, the simulation module, and the evaluation module.
The TrackSim provides an accurate 3D model for simulating the photolithography processes. The 3D model is built using the ACE and the kinematics module provided in the AutoMod product suite. ACE, an authoring tool to create 3D graphic model, is used to make the appearance of the entities of the photolithography equipment. The motion dynamics of the transfer robot is implemented using kinematics module. Figure 7 shows the developed 3D model of the photolithography equipment.
[ Fig. 7 ] The 3D model of the photolithography equipment.
The simulation module performs a simulation using the input data from the user interface and the scheduling data from the scheduler. The basic structure of the simulation module follows that of the AutoMod, since the simulation module is constructed based on the AutoMod. There are three main components for the simulation module, i.e., process system, movement system, and logic source code.
The process system includes general features for simulating photolithography processes. Main simulation processes are logically defined within the process system.
The process system connects the movement systems to the logic of the operation processes in logic source code. The movement system is used to make the graphics model and 
Conclusion
The TrackSim is a discrete event simulation software developed for the photolithography process in semiconductor fabrication. The major characteristics of the TrackSim are as follows:
1) It offers an accurate simulation model of the photolithography equipment and easy-to-use user interfaces
2) It has the advanced scheduler that generates a deadlock-free schedule in spite of machine breakdowns.
3) It is developed using the validated commercial simulation software, AutoMod, that is broadly used in the semiconductor industry. 
